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Four  repellents  were  tested  under  different  climatic  conditions 
found  at  Turtle  Mound.  Florida;  Fort  Wainw right.  Alaska;  and 
Colusa,  California.  Test  repellents  eyelo-hexaincthylene-carhaimdc 
and  n-hutane-hexamelhylcneiininc-sulfonumidc  were  found  to  pro- 
tect as  long  as  or  longer  than  N.N-diethyl-m-toluanude.  the  standard 


military  repellent,  under  all  lest  conditions  al  equal  concentrations. 
Trioxa-pcntadecan-l-OI  wax  s*ati*iically  no  different  from  deet. 
Mild  temperatures  in  Aluska  compared  to  Florida  and  California 
caused  all  repellents  tested  |o  Ik  effective  for  7.9  hours  despite 
heavy  mosquito  populations. 


INTRODUCTION.  In  areas  where  malaria,  yellow  lever, 
dengue,  encephalitis,  and  oilier  mosquito-borne  diseases  are 
endemic,  mosquito  repellents  arc  important  to  the  health  of 
a mobile  mlllter)  force  In  situations  where  usual  vector 
control  methods  are  impractical.  In  view  of  Increasing  eco- 
logical restrictions  on  the  use  of  pesticides  and  growth  regu- 
lators in  addition  to  mosquitoes  developing  resistance  to 
those  measures,  an  offretivo  personal  repellent  cun  he  an  Im- 
portant part  of  individual  protection  in  an  overall  program 
of  mosquito  control. 

As  a part  of  a program  to  find  a longer  lasting  mosquito 
repellent,  field  trials  were  conducted  in  North  Carolinu  so 
repellent  elflcacy  In  laboratory  testing  could  be  compared 
to  efficacy  under  Held  conditions  (Shimmln  et  u!  1974).  It 
was  felt  that  evaluation  of  candidate  repollents  u.ider  differ- 
ent climatic  conditions  and  against  different  mosquito  pop- 
ulations would  be  desirable  for  further  comparison  to  labor- 
atory results.  Three  different  areas  wore  selected;  the  hot. 
humid  troplcal-likc  summer  climate  in  Florida  where  Gil- 
bert ct  al  (1957)  have  reported  Held  testing,  (ho  arctic  sum- 
mer climate  of  Alaska  where  Gorham  (1974)  has  reported 
heavy  mosquito  populations  during  repellent  tests,  and  (he 
hot.  drv  summer  climate  of  Callfc'***1-  *■  • Juvali/.* 
cd  mosquito  populations  were  found  around  Irrigated 
fields.  The  current  paper  presents  (he  results  of  those  stud- 
ies. 

MATERIALS  AND  MITIIOD.S.  Repellents:  Repellent 
compounds  tested  were  cyelohoxajncthylcnc-carbamido 


(carbamide).  99%  pure  (Drcmova  and  Smirnova,  1970);  n- 
butane-hexamet by leneimine -sulfonamide,  99%  pure  (Maslil 
and  Ra/.hogaeva  1966);  3,6,9-trioxapcntadccan-l  -01  (SRI* 
6).  96%  pure  (Skinner  ct  al.  1974);  N.N-dtothyl-m-toia* 
mide  (deet),  95%  pure  (Kastman  Chemicals,  Practical 
Grade). 

'lest  Design:  A four-site  Held  test  method  was  employed 
in  all  three  tests  (Shimmin  el  al.  1974).  Adhesive-bucked 
foam  strips  about  2 cm  wide  were  wrapped  around  the 
wrist,  upper  forearm,  and  mid  forearm  of  test  p;  ‘eipants. 
The  foam  strips  served  as  boundaries  and  protective  devices 
against  abrasion  for  Ihc  sites.  Foam  strips  outlined  2 sites 
on  each  forearm  of  every  volunteer  (4  sites  per  Individual). 
One  of  the  four  test  repellents  wus  applied  In  ethanol  solu- 
tion to  each  site  at  a constant  concentration  per  unit  of 
skin  area.  The  area  of  each  site  was  determined  by  measur- 
ing the  forearm  circumference  nt  points  L 12,  and  21  cm 
from  the  wrist.  The  surface  area  of  each  lest  site  was  calcu- 
lated as  the  area  of  a I'rusirum  of  a cone:  Area  M s x (R|  ♦ 
1<2)  * * where  s 11  8 cm  and  R j . R2  arc  the  radii  at  the  up- 
per and  lower  boundaries  of  the  site. 

The  total  area  marked  off  by  foam  strips  was  covered 
with  repellent  solution  for  (hat  site.  Repellents  were  ap- 
plied so  no  repellent  appeared  on  a given  elbow  or  wrist 
(right  or  left)  site  more  than  once  in  any  group  of  four  indi- 
viduals. Moreover,  all  repellents  were  paired  ui  least  twice 
on  the  same  forearm  among  2 groups  of  4.  One  site  on  each 
subject  was  a deet  control.  All  results  were  analyzed  using 


202 


. t»  . 


Table  I . Repellent  protection  times  against  mosquitoes. Turtle  Mound.  Florida • . 


Protect  ion  Time  in  Hours.  Mean  ± sj 

Weather 

Dcct 

Carbamide- 

SRI -6 

Sulfonamide-^ 

33°C.  80-85%  Rll. 

0-5  mph  wind 

7.6  ± l .0 

9.8  + 

4.5  t 1.7 

7.0  ±2.5 

* Repellent  applied  at  U.4K  mg/ern^:  mosquito  aetivity  ranged  from  12110  to  2000  body  landings/liour. 
2 No  carbamide- treated  sites  tailed  at  term inution  of  trial. 

3(>ne  site  tailed  in  lust  exposure. 


Table  2.  Repellent  protection  limes  against  mosquitoes,  Alaska.  I >~ 


Protection  Time  in  Hours, 

Mean  * st| 

June 

Weather 

Dcct 

Carbamide 

SRI-6 

25 

16-26°C.  Clear. 
8*1-92%  Rll 

7.4  » |.4 

7.6  ♦ 1.0 

7.2  ± 1.2 

26 

22-25°C.  Clear. 

39Vf  Rll 

7.9  * 0.7 

7.8  t 0.7 

7.7  ± 1.2 

27 

14-1 6°C,  Rainy. 
88%  Rll 

8.6  i 1.6 

9.2  ♦ 1 .5 

7.2  t |..l 

Mean  (24  total) 

8.0  • 1 .3 

8.2  * | .3 

7.4  t 

1.2.1 

Ratio  ludect 

1.0.1 

0.9.1 

l Repellents  applied  at  0.40  mp/vin*. 

Von-.vulrution  ol  xulluiMinnle  »as  lower  limn 0.40  ing/un*. hence,  results ute  omitted. 
^Significant  at  M level  (p  { 0.051, 


a paired  comparison  with  dee I.  Statistical  signii;  nice  was 
determined  at  the  95%  level  (a  < 0.05)  by  the  student's  t- 
distrihuilon  ond  Tukey's  w- procedure  (Ostle  196.1). 

Alter  repellent  applications,  volunteers  exercised  or  en- 
gaged in  moderate  physical  activity  as  desetihed  below  lor 
each  separate  location.  Head  nets  and  gloves  were  worn 
whenever  individuals  entered  mosquito-infested  tesi  arcus. 
When  u bite  was  received  on  any  treated  site,  the  individual 
rounded  the  silo  and  the  lime  In  u notebook.  A cnnllrmcd 
bile,  ".me  bile  followed  by  a second  bite  within  one-half 
hour,  was  the  criterion  Ini  repellent  Inlluic. 

Mosquito  populations  were  determined  by  counting  the 
number  of  mosquitoes  lauding  on  a single  individual's  body 
In  a specified  lime  interval.  This  number  wax  then  exlrapol- 
oted  to  body -landings  per  hour.  Alternately,  Ihe  mmihct  ol 
mosquitoes  landing  on  an  untreated  control  forearm  were 
recorded  for  un  individual  who  was  not  participating  in  the 
repellent  losltng.  This  number  was  recorded  as  forearm 
landings  per  hour.  Mosquitoes  were  collected  for  ideiilifica- 
(ion  from  the  same  Individual  who  was  employed  In  populu- 
(ton  counts. 

Turtle  Mound  Slate  Park,  Florida,  was  characterized  by 
coastal  brack  lib  water  und  coniferous  wooded  areas  with 
marsh  vegetation.  Repellents  were  applied  at  a dose  of  0.48 
mg/cm?  to  4 subjects  at  0700  his.  Inlliai  exposure  to  mos- 


quitoes was  from  1000  lo  1 2.10  his  in  the  test  area.  Parlici- 
pants  moved  about  in  (he  lost  area  lo  stir  up  mosquitoes. 
At  1.1.10  Iks  the  group  ran  lor  .1-minuies  lo  induce  sweating 
and  reentered  the  mosquito-infested  area  for  1 hour  and  15 
minutes.  Since  some  repellents  were  soil  ellecllve.  volun- 
teers hiked  on  Clio  beach  lor  I hour  under  the  hoi  sun.  At 
1545  hrs,  exposure  to  mosquitoes  began  again  and  contin- 
ued uni tl  tcrmimtlion  of  testing  at  1645  hrs.  when  one  re- 
pclicnt-trcatcd  site  on  each  individual  wax  sidi  effectively 
proleclcd  from  mosquitoes.  Mosquito  activity  ranged  I nun 
1200  lo  2U00  body-landings  per  hour. 

Ft.  Wuinwright.  Alaska  test  areas  were  typically  taiga  re- 
gions in  low  lying  wooded  ureas  between  rivers  and  lumlru. 
Fach  day  lepellents  were  applied  at  a dose  of  0.40  ing/cin* 
lo  8 subjects  in  2 groups  o(  4.  Sulfonamide  had  precipitated 
from  solution,  ami  the  applied  dose  was  somewhat  lower. 
F.xposure  to  mosquitoes  began  between  1 200  and  1 .100  hrs 
alter  application  at  0900  hrs.  Continuous  heavy  popula 
lions  ol  . i>M|iniiM  > were  cxjvriencetl  as  volunteers  hiked, 
lorded  streams  id  Fished  to  simulate  moderate  field  activi- 
ty. “lest  areas  were  located  north  ami  cast  ol  Ft.  Wain- 
wilghl.  Alaska,  as  follows.  25  June,  N 64°  54' W 147°  15* 
on  the  Utile  Chcnu  River;  26  June.  N 65°  10'  W 145°  10' 
on  the  Fast  Fork  Chena River;  und  27  June.  N 64°  18’ W 
146°  25’  on  the  ('luma  River.  If  a rcjurllent  still  afforded 
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protection  from  mosquitoes  at  the  termination  or  testing 
between  1700  and  1900  each  evening,  the  time  of  termina- 
tion was  recorded  as  the  repellent  protection  time.  During 
June  in  Alaska,  sunset  occurred  approximately  2300  hrs 
and  sunrise  about  0130  hrs,  although  there  was  enough 
light  to  read  a book  during  the  short  night. 

Colusa,  California  test  areas  were  located  along  the 
banks  of  irrigation  or  drainage  ditches  where  mosquito 
activity  was  apparent.  Repellents  were  applied  at  a dose  of 
0.40  mg/cm^  to  8 subjects  in  2 groups  of  4 at  0900  hours. 
Three  replicates  were  run  on  25,  26,  and  27  September. 
Mosquito  exposure  was  accomplished  periodically  during 
the  day  when  participants  entered  mosquito  infested  areas; 
however,  peak  biting  activity  was  observed  from  1 hour  be- 
fore to  one  hour  after  sunset  when  repellent  failures  occur- 
red. Participants  recorded  numbers  of  bites  received  on 
each  site  as  well  as  the  time.  During  the  day  volunteers  en- 
gaged in  hiking.  Locations  of  mosquito  exposure  included  a 
rice  Held,  the  bank  of  a creek  and  a ditch  next  to  the  high- 
way near  the  Colusa  airport. 

R (''SUITS.  Protection  times  against  mosquitoes  afford- 
ed by  the  candidate  repellents  in  Florida.  Alaska,  and  Cali- 
fornia arc  indicated  in  Tables  1 . 2 and  4.  respectively.  An- 
alysis of  the  results  from  Turtle  Mound  (Tabic  1 ) indicated 
that  the  site  treated  with  carbamide  protected  for  the  dura- 
tion of  the  trial  on  all  four  individuals.  Hence,  the  protec- 
tion time  is  recorded  as  9.8  plus. 

in  Alaska  constant  mosquito  prossurc  was  experienced 
throughout  the  afternoon.  Testing  was  terminated  between 
1700  and  1900  hrs  each  day  although  (he  sun  had  not  set. 
Little  ot  no  sweating  was  observed  among  the  participants 
because  of  mild  temperatures;  consequently,  ail  repellents 
persisted  for  a significant  period  (Table  2).  intermittent 
light  rain  on  the  third  day  apparently  had  little  effect  on 
repellent  protection.  Mosquito  populations  are  described  in 
Tabic  3. 

At  Colusa  iu>  repellent-treated  sites  received  two  bites 
during  the  daylight  testing,  hence,  the  length  of  repellent 
protection  was  from  application  in  the  morning  until  the 
two-hour  period  of  exposure  around  sunset.  Consequently, 
all  protection  periods  were  restricted  to  the  range  10  to  12 
hours.  A bettor  means  of  comparing  repellents  under  these 
conditions  is  the  use  of  rolatlvo  protection  from  mosquitoes 
compared  u dcct  (Si.i.mw  ct  at.  1 974).  The  number  of 
bites  received  on  dcct-treatcd  sites  was  considered  as  the 
baseline  for  protection  and  candidate  repellents  were  evalu- 
ated In  terms  of  percentage  more  protection  (or  percentage 
fewer  bites)  than  wore  received  on  deel -treated  sites  (Tabic 
4).  Mosquito  activity  and  populations  arc  described  in 
Table  5. 

DISCUSSION.  In  Florida  under  hot,  humid  tropical-like 
conditions,  test  partly  jtu»  cAvfhcd  sufficiently  to  induce 
profuse  sweating.  Under  these  test  conditions  against  a 
heavy  population  of  .-Im/pj  tocniorhynchiu . carbamide  was 
superior  to  dcct  (Table  1 ),  while  SR!*6  was  somewhat  less 
effective  and  sulfonamide  was  approximately  equal  to  dcct. 
This  finding  Is  In  agreement  with  two  laboratory  observa- 
tions. Higher  temperatures  favor  low  volatility  repellents 
Uke  carbamide,  sulfonamide,  and  SKI -6  by  raising  their 
evaporation  rate  and  Increasing  the  amount  of  repellent 
vapor  ((label  cl  al.  1976).  In  addition  to  the  temperature 
stress,  heavy  sweating  also  introduces  a water  wasiiing 


Table  3.  Mosquito  populations  for  Alaska  Held  trials. 


Species 

Collected  Prom  Whole  Body 

June  25  June  26  June  27 

Aedes  communis 

30 

30 

19 

Aedcs  nigripcs 

3 

Aedes  cincrcus 

1 

1 

Acdes  excnicians 

3 

Aedcs  picnips 

1 

Ophyra  Icucostoma  1 

1 

l.eploconops  sp.  1 

l 

Mosquito  Activity 

(body  landings/hr) 

980 

1200 

2400 

UuUcctcd  with  mosquitoes. 


Tabic  4.  1>*reem  repellent  protection,  Colura,  Calif.1. 


Percent  Protection  from  biting  Compared  to  Dect 
Sept.  Weather  Dcct  ‘ Carbamide  SRI-6  Sulfonamide 


25 

u’c.sm  mi 

5-9  mph  wind 

0 

too 

38 

77 

26 

lA\  50%  Kll 

3-5  mph  wind 

0 

38 

24 

27 

29°c,  m un 
no  wind 

0 

76  3 

76  3 

57 

I Repellent*  applied  at  0,40  mjj/cin*  to  R subject*,  testing  took 
place  10  hours  after  application  In  the  period  one  hour  In-fore  to 
one  hour  after  sunset;  bites  on  each  site  were  recorded. 

^Mean  number  of  bites  received  on  the  dee t- treat'd  me  for  cash 
individual  was  1.3.  2.1.  and  2.1  buet/tite  for  25.  26.  and  2?  Septem- 
ber. respectively. 

^Statistically  different  from  dcct  (p  (0.05). 


Table  5.  Mosquito  populations  for  California  Held 
dials. 1 

Collected  from  Collected  from 

I- or  calm*  Whole  Hody 


September 

25 

26 

27 

25 

26 

2 

■iedet  dt fruits 

25 

-a 

* 

14 

au 

* 

Aedcs  \ exam 

1 

6 

1 

4 

7 

Ano/flicles  freebo/tti 

2 

1 

1 

I 

2 

Culex  tutulis 

t 

1 

t 

2 

4 

Mosqusto  activity  2 

116 

144 

12 

68 

108 

72 

i Mosquitoes  collected  In  15  min,  from  sites  indicated, 
^Landings/hr.  a different  control  was  used  on  forearm  collec- 
tion* of  27  Sept:  all  whole  body  codec  (ions  were  from  the  same 
individual. 
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stress.  Resistance  to  water  is  greater  for  carbamide  than  for 
dect  (T.  Spencer,  unpublished  results),  whereas  SRI-6  has 
somewhat  less  wash  resistance  than  deet  (A.  Khan,  unpub- 
lished results).  Hence,  one  might  expect  carbamide  to  per- 
sist longer  and  SRI-6  shorter  than  deet  under  a sweating 
stress  (Table  1). 

in  Alaska  the  mosquito  populations  were  boreal  species, 
principally  Amies  communis  (Table  3).  Despite  heavy  mos- 
quito activity,  deet,  carbamide  and  SRI -6  all  afforded  pro- 
tection from  mosquitoes  for  more  than  7 hours.  Sulfon- 
amide results  in  this  test  are  not  comparable  because  the  re- 
pellent had  precipitated  from  the  application  solution  and 
the  applied  dose  was  much  less  than  0.40  mg/cm^.  When 
testing  was  terminated  each  afternoon,  some  sites  treated 
with  carbamide,  deet,  and  SRI-6  were  still  protected;  there- 
fore, the  protection  times  arc  underestimated  in  the  Alaska 
trials  (Table  2).  Although  repellents  were  applied  at  15% 
lower  concentrations  in  Alaska  than  in  Florida,  both  deet 
and  SRI -6  exhibited  an  increased  protection  period  in 
Alaska  compared  to  Florida.  This  is  attributed  to  cooler 
temperatures  and  the  absence  of  a sweating  stress  on  the 
treated  sites  in  Alaska;  hence,  climatic  conditions  might  in* 
fluent-''  repellent  efficacy  in  the  field. 

In  California  the  mosquito  population  was  principally  I. 
dor  satis  and  l.  I’crnm  (Table  5).  One  species,  Culcx  tarsalis, 
is  a known  vector  of  encephalitis,  while  another  species. 
Anopheles  freoborni . is  a potential  malaria -vector.  Although 
mosquito  activity  was  somewhat  lower  than  in  Florida  or 
Alaska  (Tabic  4),  the  presence  of  these  potential  vectors 
was  significant.  Relative  repellent  efficacy  in  these  tests  was 
reported  in  terms  of  pcrcont  protection  from  mosquito 
bites  compared  to  deet  for  the  period  one  hour  before  until 
one  hour  after  sunset.  Warm,  dry  weather  over  the  three 
days  of  testing  (Table  4)  Introduced  a high  temporal ure  fac- 
tor more  favorable  to  the  low  volatility  repellonts;  more- 
over. test  participants  did  not  sweat  significantly  in  the  dry 
weather  In  contrast  to  the  sweating  si ross  observed  in  Flor- 
ida. Consequently.  SlU-6  as  well  as  carbamide  and  sulfona- 
mide afforded  more  protection  titan  deet. 


In  these  field  trials  where  abrasion  is  not  a major  factor, 
carbamide  provided  as  much  or  slightly  more  protection 
time  from  mosquitoes  than  deet  under  all  three  climatic 
conditions.  SRI -6  afforded  comparable  protection  to  deet 
under  conditions  which  did  not  include  heavy  sweating 
stress.  Finally,  sulfonamide  was  as  effective  as  dect  in 
Florida  and  California. 


ACKNOWLEDGMENTS.  Mosquito  collection  and  identi- 
fication in  the  Colusa  trials  were  accomplished  by  LTC 
M.A.  Moussa,  MSC,  and  Louis  C.  Rutledge,  Department  of 
Tropical  Medicine,  Letterman  Army  Institute  of  Research. 
We  also  thank  R.  K.  Shimmin,  S.  F.  Bayles.  and  J.  P.  Shah 
for  help  in  carrying  out  these  field  trials. 


REFERENCES  CITED 

Dremova.  V.  anil  S.  Smirnova.  1970.  Effects  of  repellents  on  hard 
(Ixodidac)  and  soft  (A  residue)  licks.  Int.  Pest.  Control  12:10-4. 

Gabel,  M.  L..  T.  S.  Spencer,  and  W.  A.  Akers.  1976.  Evaporation 
rates  and  protection  times  of  mosquito  repellents,  (submitted  for 
publication). 

Gilbert,  1.  11. , II.  K.  Gouck,  and  C.  N.  Smith.  1957.  Diethyllolua- 
midc:  new  insect  repellent.  Soap  Client.  Spec  33:95,  97,  99, 
109. 

Gorham,  J.  It.  1974.  Tests  of  mosquito  repellents  in  Alaska.  Mosq. 
News  34:409-415. 

Maslii,  L.  amt  K.  Razbegaeva.  1966.  N.  N-dlakyl  alkane  sulfona- 
mides. Zhurnol  Oreg.  Khlm.  2(1 1):20I4-2017. 

Oitle.  It.  1963.  Statistics  in  Research.  The  Iowa  Stale  University 
Press,  Ames,  Iowa,  U.S.A..  4 10. 

Shimmin.  R„  S.  Bayles,  T.  S.  Spencer,  W.  A.  Akers,  and  R.  Groth- 
aus.  1974,  Four-site  method  for  mosquito  repellent  field  trials. 
I'roe.  Calif.  Mosq.  Control  Assoc.  42: 121-123. 

.Skinner,  W.,  II.  Johnson.  J.  Oegruw,  1).  Skidmore  and  II.  Maibaeh. 
1975.  Topical  mosquito  repellents  VIII:  alkyltrielhylenc  glycol 
monoe (hers.  J.  Pltarm.  Scl.  64:693-695. 


105 


